Aims/hypothesis Individuals with diabetes have increased mortality rates compared with the general population. In patients with type 2 diabetes depression further contributes to the increased mortality. Depression and mortality rates in patients with type 1 diabetes are an understudied phenomenon. We therefore studied their association in a prospective setting. Methods We followed 4,174 participants (51% men, age 39±12 years, diabetes duration 22±12 years [mean± SD]) in the Finnish Diabetic Nephropathy Study (FinnDiane) for an average of 9 years. Depression was defined as purchase of antidepressant agents at baseline and during follow-up. These data were obtained from the Finnish Drug Prescription Register. Data on allcause mortality and cause of death were obtained from the Finnish Cause of Death Register. Results At baseline, 313 (7.5%) patients had purchased antidepressant agents. During follow-up 758 (18.2%) additional cases were observed. Purchasers of antidepressant agents at baseline had the highest 10-year cumulative mortality rate (22.5% [95% CI 18.1, 26.6]), followed by those with such purchases during follow-up (18.0% [15.4, 20.5]) and those with no purchases (10.1% [9.0, 11.2], p<0.001). In the adjusted Cox regression models (age, diabetes duration, diastolic blood pressure, smoking, HbA 1c and nephropathy), the purchase of antidepressant agents at baseline was associated with mortality in women, but not in men. Cardiovascular diseases were the major cause of death in non-purchasers of antidepressant agents. In antidepressant purchasers, chronic diabetic complications were the most frequent underlying cause of death. Conclusions/interpretation In a population of patients with type 1 diabetes, purchase of antidepressant agents was associated with increased mortality rates in women, but not in men. 
Introduction
Several studies have shown higher mortality rates in individuals with diabetes as opposed to those without [1] [2] [3] . For example, in a Finnish population of patients with type 1 diabetes, a 3.7 times higher mortality rate than in the general population was observed [2] . Diabetes, among other causes, significantly contributes to premature death related to cardiovascular [3] and kidney diseases [4] .
Depression is highly prevalent among patients with diabetes. In a recent meta-analysis, clinical depression was observed in 12.0% of participants with type 1 diabetes and in 3.2% of healthy controls [5] . Comorbid depression in diabetes may have critical consequences in the form of poor adherence to diet, exercise, glucose monitoring and medication regimen [6, 7] . In addition to its effects on self-care adherence, depression has also been associated with deleterious physiological changes, such as dysregulation of the hypothalamic-pituitary axis, downregulation of cellular and humoral responses, and changes in the sympathetic nervous system [8, 9] . Poor self-care behaviour and physiological dysregulation may jointly or separately have an adverse influence on diabetes outcomes. Indeed, patients with comorbid depression have shown an increased risk of various diabetic complications [10] .
Importantly, many studies have reported an association between depression and increased mortality rates in the general population [11] and in patients with type 2 diabetes [12] [13] [14] . Despite ample research, to our knowledge, no study on depression and mortality rates in patients with type 1 diabetes has been published. We therefore studied the effects of depression on all-cause and cause-specific mortality in a population of patients with type 1 diabetes. Based on previous observations, we expected to find higher all-cause mortality rates in individuals with depression than in non-depressed patients.
Methods
Study design The Finnish Diabetic Nephropathy Study (FinnDiane) is a large national multicentre study seeking to identify factors associated with diabetic complications. Since its launch in 1997, data from more than 4,800 adult patients with type 1 diabetes have been collected. Included in the current analyses are all patients who were recruited prior to the end of 2009 and have given consent to link their data with data in the Drug Prescription Register (DPR). Thus, data from a total of 4,174 patients (51% men, age at baseline 39±12 years, diabetes duration 22±12 years [mean±SD]) were included. Type 1 diabetes was defined as onset of diabetes before the age of 35 years, permanent insulin treatment initiated within 1 year of diagnosis and Cpeptide negativity. The study protocol was approved by the Ethics Committee of Helsinki University Central Hospital and written informed consent was obtained prior to participation.
Determination of participant characteristics During the baseline visit, the patients' height and weight were measured in light clothing and BMI was calculated. Waist circumference was measured at the midpoint between the lowest rib and the iliac crest. Blood pressure was measured in a sitting position after a 10 min rest. The mean of two blood pressure measurements, performed 2 min apart, was calculated. HbA 1c was determined locally using standardised assays. Self-reported data for smoking and social class (grouped as unskilled/skilled blue collar, upper/lower white collar, farmers and others) were collected. Unskilled blue collar workers were classified as having a low socioeconomic status. Finally, renal status was assessed by AER in at least two of three timed 24 h or overnight urine collections. Patients were classified as having normal AER (<20 μg/min or <30 mg/24 h), microalbuminuria (AER ≥20 and <200 μg/min, or ≥30 and <300 mg/24 h), macroalbuminuria (AER ≥200 μg/min or ≥300 mg/24 h) or end-stage renal disease (ESRD) (undergoing dialysis or having had a kidney transplant). Diabetic nephropathy was defined as macroalbuminuria or ESRD.
Data on antidepressant medication purchase Data from the DPR of the Social Insurance Institute of Finland were used to identify purchases of antidepressant agents by linking the FinnDiane data using the patient's unique identification number. Since late 1994, all prescriptions in outpatient care have been included in the DPR, which contains complete information on all prescribed, purchased and reimbursed medications. From the register, we searched for all drugs in the classes N06A and N06CA (Anatomical Therapeutic Chemical Classification System with Defined Daily Doses [15] ). For the analyses, depression at baseline was defined as purchase of any such medication within 1 year prior to the baseline visit. Patients who had not purchased antidepressant agents at baseline were further divided into those without any such purchase during the study and those who purchased during the follow-up.
Mortality data At the end of 2009, data on all-cause mortality were obtained from the Finnish Cause of Death Register. These data were used to calculate the total mortality rate in the study population. In Finland, data on causes of deaths are retrospectively updated once a year; thus for this study, cause of death data were available for all deaths up to the end of 2008. In this register, the underlying cause of death is reported on the basis of the coroner's evaluation. Cardiovascular deaths included all deaths due to diseases of the circulatory system (International Statistical Classification of Diseases and Related Health Problems codes I00-I99). The majority of these deaths were due to ischaemic heart diseases (I20-I25) and cerebrovascular diseases (I60-I69).
Statistical analyses Descriptive statistics are reported as percentages for categorical data, mean±SD for normally distributed data and median (interquartile range, IQR) for non-normally distributed data. The χ 2 test, one-way ANOVA, independent-sample t test, and Kruskal-Wallis and Mann-Whitney U tests were used to compare the groups, as appropriate. The cumulative mortality rate was assessed using the Kaplan-Meier method. Multivariate associations between the purchase of antidepressant agents and mortality were studied using the Cox proportional hazards model. The effect modifications were controlled for by adding interaction terms to the model. A value of p<0.05 was considered statistically significant. Data were analysed using SAS statistical software, version 9.2 (SAS, Cary, NC, USA) and SPSS 17.0 for Windows (SPSS, Chicago, IL, USA).
Results
We followed 4,174 patients for an average of 9 years (range 0-16 years). Of the three groups formed, those without any purchases of antidepressant agents were most frequently male, and had the shortest duration of diabetes, the lowest frequency of nephropathy and the lowest HbA 1c levels (Table 1) .
In all, 313 (7.5%) of the patients studied had purchased antidepressant agents at baseline and a further 758 (18.2%) individuals made such purchases during follow-up. During follow-up, 474 (11.4%) deaths occurred. Of antidepressant agent purchasers, 19.8% of those who had purchased at baseline and 16.2% of purchasers during follow-up died. Among non-purchasers of antidepressant agents, 9.3% died during the follow-up (p<0.001 for comparison of the three groups). The 10-year cumulative mortality rate was highest among purchasers of antidepressant agents at baseline, followed by purchasers during follow-up and finally nonpurchasers (22 The interaction term between sex and antidepressant purchase status was not significant, thus the effect of depression on mortality rates was similar in men and women. However, as nephropathy and its risk factors, such as HbA 1c , are major contributing factors to mortality, they were included in the multivariate models. The effects of these variables on mortality rates were different in men and women (p<0.001 for interaction between sex and nephropathy, p<0.01 for interaction between sex and HbA 1c ), and therefore the results are presented separately. In men and women, adjusted for age, diabetes duration, diastolic blood pressure and smoking, the two groups of antidepressant agent purchasers had higher HRs of death during follow-up, relative to non-purchasers ( Table 2) . After further adjustment with HbA 1c , the HRs remained significant in women, but not men. In the final model, which also included nephropathy status, the HR was significantly higher for women who had purchased antidepressant agents at baseline. No differences in the HRs of death were observed in patients using different kinds of antidepressant agents (selective serotonin reuptake inhibitors, tricyclic medication and other types of medication). Figure 1 shows the cumulative mortality curves based on the final Cox proportional hazards model for men (Fig. 1a) and women (Fig. 1b) .
Cause of death data was available for 455 deaths (Table 3) . Cardiovascular disease (CVD) was the underlying cause of death in 31% of patients who had purchased antidepressant agents at baseline, 33% of purchasers during the follow-up and 45% of non-purchasers, respectively (p< 0.05). The three groups also differed with regard to the frequency of deaths due to chronic diabetic complications, which was highest in individuals who purchased antidepressant agents during follow-up (46%) and lowest among non-purchasers (31%; p<0.05 for comparison of three groups). Acute diabetic complications were the underlying cause of death in 10% of deaths in antidepressant agent purchasers at baseline. Although a non-significant difference, this was double the rate observed both in individuals who purchased antidepressant agents during follow-up and in non-purchasers. There were six suicides, two in each of the three groups.
Discussion
In the current study of patients with type 1 diabetes, individuals who had purchased antidepressant agents (considered to be 'depressed') had higher 10 year cumulative mortality rates than non-purchasers. These results are in concordance with many of the previous studies conducted in patients with diabetes. During an 8 year period in the National Health and Nutrition Examination Survey (NHANES) I Epidemiologic Follow-up Study, individuals with concomitant diabetes and depression had increased odds of all-cause mortality compared with those with diabetes only [16] . In another study among 10,704 Medicare beneficiaries with diabetes, those with depression had a 36-38% increased risk of all-cause mortality over a 2 year period compared with those without depression [13] . In a third study of 4,184 patients with diabetes, baseline major depression, relative to no depression, was also significantly associated with allcause mortality [14] . Unlike our study, all the abovementioned studies included, exclusively or predominantly, patients with type 2 diabetes. Thus far, the association between depression and mortality rates in patients with type 1 diabetes has not been explored. The two types of diabetes, however, differ substantially in their aetiologies and management, and therefore should be considered as two distinct entities. Separate analyses for men and women in the present study showed clear differences in depression-related survival rates between the sexes. In these analyses, depression significantly contributed to reduced survival during follow-up in women, but not in men. This finding may be important as depression is more frequently observed in women [17] . The reason why women seem more vulnerable to the effects of depression is not known. Brodaty et al. found that major depression in women, but not in men increases mortality rates compared with the general population [18] . However, the exclusion of suicides in that study abolished the effect. Here, the exclusion of participants who committed suicide from the analyses did not change the results (data not shown). Moreover, a number of studies have reported an increased risk of mortality in depressed men, but not in women [19, 20] . A meta-analysis including studies with random samples from different communities found that the relative mortality risk for depressed men was only non-significantly higher than for depressed women [11] . If the current results can be verified, the underlying reasons for the observed sex-related difference should be investigated in the future.
We observed some differences in mortality rates between antidepressant agent purchasers at the time of baseline visit and those who purchased during follow-up. The exact reason for this difference is not known, but several explanations seem plausible. First, depression present at baseline may be more long-standing and thus have more time to contribute to poor outcomes. Second, some changes in the prescription of antidepressant agents may have taken place over the years. While earlier such medication may have been prescribed primarily for more severe depression, prescription practices may have changed to include less severe cases. Thus, purchasers of antidepressant agents at baseline would, on average, include those with more severe depression, thus leading to a heightened risk of increased mortality.
Cardiovascular deaths accounted for most of the deaths in the current study population, followed by chronic diabetic complications. In Finland, CVDs are the leading underlying cause of death among elderly individuals [21] . However, in individuals of working age, alcohol-related deaths play a leading role. While it is probable that individuals with high alcohol intake are under-represented in our study, our results are in concordance with previous findings on the heightened risk of CVD and on CVDrelated deaths in patients with diabetes [22, 23] . Similarly, [24] . In the current study, patients without any purchases of antidepressant agents died most frequently of CVD-related causes. However, chronic diabetic complications were the most common cause of death among purchasers of antidepressant agents. It is probable that the onset of chronic complications in diabetes triggers or aggravates depression. However, established depression may also contribute to the development of complications. Interestingly, 10% of antidepressant agent purchasers at baseline died of acute diabetic complications. Although not significant, this rate was twice as high as in the other patient groups. The question of whether acute diabetic complications contribute to increased mortality rates in these patients needs to be investigated in a larger cohort. The current study has several strengths and limitations. First, the FinnDiane study comprises a fairly large proportion of all Finnish patients with type 1 diabetes, and although the study is not population-based, the distribution of participants follows that of the general population in Finland. However, some selection bias favouring those with better mental and general health is possible. Rather than strengthening our results, this selection bias is most likely to have somewhat diluted them. Second, the population of 4,174 thoroughly examined individuals in this study offers a reasonable basis to investigate the association between depression and mortality. Another major strength is that, instead of relying on selfreported data, data on the main study variables were based on actual diagnoses or on register data. This diminishes the potential misclassification of participants, for example, with regard to diabetes and causes of deaths. Sourcing of data on medication use from the DPR is particularly valuable, as selfreported use of antidepressant agents may be prone to underreporting. At the same time, depression classification on the basis of the register data may also be problematic. First, not all depressed patients seek professional help. Thus in the Health 2000 Study, which was conducted in the Finnish general population, only one third of individuals with major depressive disorder reported currently receiving antidepressants or psychological treatment [25] . Moreover, in that study, the use of antidepressants was associated with female sex. Second, data on indications are not currently available from the register. This is important as some antidepressant agents may also be used to manage neuropathic pain. Depression is, however, commonly associated with chronic pain, making it difficult to distinguish these two phenomena [26] . Unfortunately, data on neuropathy status were not available for the current analyses, and results therefore need to be interpreted in light of this limitation.
In conclusion, the 10 year cumulative mortality rate was highest in patients who had purchased antidepressant agents at baseline, followed by those purchasing these agents during the follow-up period and finally those who made no such purchases. During an average follow-up of 9 years, the purchase of antidepressant agents at baseline, in multivariate models, was associated with increased mortality rates in women, but not in men. Relative to individuals without any purchases of antidepressant agents, purchasers had a greater frequency of chronic diabetic complications as underlying cause of death.
